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(54) CMOS ARITHMETIC AMPLIFIER WITH LOW VOLTAGE HIGH SPEED OPERATION 

(57)Abstract: 

PURPOSE: To increase output swing, and to increase a gain 
by impressing the two output voltages of a cascode output 
device and a reference voltage to a common mode feedback 
circuit part, and feedbacking the output to the cascode output 
part. 

CONSTITUTION: A differential input part 2 1 converts two . jr . 

input signal voltages into currents, and output currents from 
the differential input device 21 are amplified by a cascode 
output device 22, and converted into two output voltages. 
Then, the outputs of the cascode output device 22 are 
impressed to a capacitor 24, and the output edge of an 

arithmetic amplifier is constituted. The two output voltages of s* 35 * tfwrt"^ 
the cascode output device 22 and a reference voltage VREF 
are inputted to a common mode feedback circuit 23, and a 
feedback signal for making the output common mode voltage 
coincident with the reference voltage VREF is supplied to the 
cascode output device 22. Thus, output switch can be 
increased, and a gain can be increased. 
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— «a^|C-hfS^l«5E^a^*ixy- 20 

t i-z>vkmjzmmmft<D cmo s ^»ii*i§g 0 

-hfE«2m^2i^-ft«^^ii^$tt</- hi&mcf*± 
» 3 Six**— FSSmiJbfESii 

*Lflfc««*f-M:«W (Vss) <kiiiiS£*t€>!g8 b-^v** 

^ b , 40 

-ffiflffi^fcit^y- h-SSH^iiEJfSS h^v-^^fk 

isf ±ejb 7h7^^ mmtm* t <omM.icm 
mntiMmm^ti±nwR (vss) ^mt^tn&tH9 h 

SB 4 minus £ IWLEIB 4h7^^ ©teflliliH 5 - ± 
E3I8 hTV^^O—WSSS^-tcOgE^^y— USB-** 

j;t/-fiysg^^ai^$nm{B!iis^-{i±iEiias (vss) t 

<S«ffiffiig»^o CMOS SHif *I3§„ so 




[0 0 0 1 ] 

W)i^(OCMO S (complementary met 
al oxide semiconductor) SSH 

[0 0 0 2] *KiBB*«>IHSEli*#taSroflE5fe«l 
0>®JS£:5**B#?rUiffiSll 9 94-8 8 24^ (19 
94f4^26BtBI) roK«fflS«0IEtt{r£<S< t©T 

[0 0 0 3] 

/nags t r -r a rmm&mtE lx<? y -f\~ ist sihk 

;o s g#Lfc„ il{fffilHlS§*/c(iSCF (Swi tche 
d Capacitor Filter), A/D (A 
nalog to Digital) &&$t, D/A 
(Digital toAnalog) ^J^T*SI*1# 
HUitf&K-Cfc 9 , tUTto ^VLSl lHl8ST-^*ti 

[0004] — ¥«{MUilsI&0&ffi<D%&tt:[sIB 
[0 0 0 5] 

•fe;*a>_L-C0>**Ctt0> K— I'^aaoit^te.fcSSHF- 
[0 00 6] d <D^MM^(oW.'P\-i.m^<r>W}^^ < <£> 

i^Bifcxff-ra*. s?3?*t*is<z>#3% mff*ij»co«'>i: 
m^^^.'O'^ (swing) cD^^ds^#v>Basfr/i 

[0 0 0 7] Lfc^oT, ±|SBgj@^Sr^*i-5fc«>tw 

(37J^=i— K (cascode) lf*IJl£ffi<Dfltit i: * U 
y by— ^ (currentsource) ^rftfll IT 

fc*s-t?**e«ffiftj*»fProCMOS«||it««Sr»tt 
[0 0 0 8] 

[«W«:«BIH-5fc«>«>*&] ±E 5 
t-IS*^ 1 ica^SfBWtt, <SIEJES5aibf^«?CMO S 




3 

mt, ±15*^3- ymij^&<o--o(Dmt}n&h mm 

i"5„ 10 

[0009] $.tcm#:m2i l cfrfrz > mwte, m*m.nc 

JtlEfU l-7>^x^(5ttflffl?i;- (IS 
[00 10] $blc§#*3S3ic^7!)^^W{i, M*3li 20 

h«^tt£iMffitt*igsi'ts*4 h7^ 

£*t-5SI6 h7^^t > ±|EM3ffi»S2iic-ftW^ 
^Six^- h*&m4_klE?g5 F7 yVx?commt%Tfc 

mmztimm^-temm (vss) tig^ti^s 1-7 
>v*9b, -m^tsxu^— h^^±mm5 h7 

iw«^(ciI^^ix{i!iftW^i4±IE«ai (Vss) 
$tL5M9 h?^?^ fg4m«iH:j3<£tfJh!Em4 

h7^? ofdiftij^ i ±1E^ 8 h7>-^? ro— mil 

iWSm4-t!2S2I (Vss) tig^^tLSMl 0 40 
[0 0 1 1 ] 

[HJSM «T> *MLfcHB^Il]l^^b[§15^#BS 
[0 0 12] #f§93<^«J£it53gtM1^CMOS«^if 
o±^tb (fully differential)^ 
Vir ) £— ocDttjTjSS (Voirr \ Vout -) Sr^LTl^ so 



WmW-7 - 3 0 7 6 2 4 



5. 

[0013] 11 1 ^m^$^*^0j(o^it*i^rom 
[0014] -r&*?*>, ~owA^^$ftm/E^m*iw 

^&£i£5^»lA;fjgl$2 1 b, mW]At)U2 lfrbcor. 

7- — Kt±S73$C (cascode output st 
age) 22t, 7J* =>— KUi^SB 2 2 WtiJ ^3 miEirS 
3S®JEVref *A7J LttB*tEWHffi{f f (OlE (=> 
^v^e-KmflE) ^S*mJEi-Sc-t--5J; 9^±IE7J^ 
= - Ktti7ia5 2 2-7-<- K^s/^^jwt^-^ttw-rs 

^ ■=& — K7-< — V 9 (common— mode 

feedback; [H]*B{f ^-jf® : KTCMFi^ 
9) [HISS 2 3 ir^^W^^tV. tti*>ffl;if4*^->* 2 
4^»^$ix5o 

[0 0 15] m*X % ±fE«^mro#* Otd^SrlftB^ 

[0 0 16] %-f , ^W)A^S|5 2 1 (i-^^*i)]l#^ 
^t[^C«^T-*>5>45 N 15 0^2 lcoi^fcmiiitai 
t $ tvfc ~ o co h 7 v 5? ^ 9 *»5> «i£ $ ft 5 o 

[0 0 17] LT, 77*^- KttS7JgB2 2 (411 3 <D Z. 
0 l/ZE-^xDN^-^r ^^-Jl- h 7 >-i>^ 9M3\ , M32 , M33 
^Aii-TS ^=¥^ l — 7--< h y— (r e g 

ulated current source) ti*t±>tfSL 

5*5, r©i/^a u-^-f K* i^y h y-^Stt, Sit 

■ Ibi *sy- hffi^(c*^$tt— ffiiJSSS^^tn^SS^fllfig 

(current mirror) ^ii^^tt, ffiffllJiS 
^ttT — X (Vss) $1x5 h7>-^^M3l -{ftlffi 
^(d«»ftai I bi JiS^^ixy- h-ST-tt±IE F7>-^ 
*M3i t h7>-^^9M33 cog|^l;51^$tlfliHl«^Fi4 
T— ^ (Vss) £*vCl^5 h^^^^^Maz i^rAiii- 
5„ Vdd (4Em/iaS-Cfo "9 , Vss (4*mEEai-r-fc5o 

[0 0 18] r<D<fc3(-«^$^fc:U= 3 r^.U'— ^-f K7J 

>-^^M 3 i (4* h y—x t uxftmirznftx'h 

V, b7>-^^9M3i izmtiZMMb h^Vv'x^Msa 

icmtiz>m,%ibmt)mmte-£xm-bti:Zo -itcmmm 

Ibi tib7>i?x9M3z 0> b'u-l^b&M&ti h7^^ 

^;»ftait?fc5= h7>'^^^ M32 (4 h^yv 5 ^? M31 <7) 
b'l"( 'sl l Z.-t)>i>Z>n&. : &ma£-£ h7 Vv^^ifMss 

ikmmvmmbisxmt-fzzb^tez., zcom^m<o 

fcB^Sfetrout (4iS):cDji^T-fo5o 
[0 0 19] 
[^Cl] 

r out = g o3Z • g m33 * t o31 ■ T o32 " T o33 
= Av32 • Av33 ' T o31 
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~ ~ ~e r o3i , r 0 32 , r 0 33 h 7 >i?*#M3\ , M 

32, M33 <d K^y^ y— ^o^eom^s^^U g 

m32 , gm33 h 7 V V 5 * ^ M32 , M33 CDAtti^t^it 

^ >V 9 $ >^ (conductance) £r^"t~ 0 £ 

Av31 , Av32 h^^V ? ^.^M32 , M33 CO A 

ttJ;>JC7)miBftJf#, g -32 • To32 , g n.33 ' T 

o33 £r^~t" 0 

[0 0 2 0] ±!5£>il 9 OEJ&^^W^ffittte— otf>« 

[0 0 2 1] fc*3, *«Wttfi«flE<D#fe|&ftS|[«:toii 

(fully differen 
t i a 1) filiSSrffiffl Lt^y^iyf-f K (s in 
g 1 e ended) a*Srfco«#ifi|@» J: 9 2 fffCO 
tti*otE«itt)Oj;5i:tft. ceo ± 5 icKJUtW 

W^S«ig^tof^(a^[:CMF (comm 
o n-mo de feedback) 1Btitti*&&kfc 

Z>o 20 

[0 0 2 2] H4ttffl*ia»ODC^>fr^«JE, 
ti^^^y^- K (c ommo n— mo d e) ^/E^r^ 

T% CMF[H]SS(i4oc0P^-Y>'^yu h^^i/X^ 
Mie , M17 , Mis , Mis t 3o(7)N^-V^^/i^ Vyl/i? 
**M 2 o, M21 , M22 Sr*flt-rS3flS*#W»*f4*©ii 

[0 0 2 3] i-4t?*>, ttffiffi I B2 fc— flMKF*»SS 

*Ml6 £ , I B2 td— flJSS^FdSjgjeS jxy— 30 

^tt^^n— Ka*S?B2 2(7)AmJEVouT -J&S|q|Wjn£*L5 

h*f-ttS*«ffiVBF t»j»Sixffiiiy|«8^ B: h 7 
V^^^Mie ^flfeffllffl^ijljgSixS h^^^^Mis 
ttdKSR Ibs ^— «*?*«*S*ix^— hiSmcte* 
— Kffl^gP2 2C7)IEmffVoirr + ^RPiP*ixS 

tfh^vi^^Mis (OffiWM^isSSKSixSttjftilJiitfe 40 
B4 *5«fct* h^i^^Mie £ h^^v J ^^M2i cog^i: 

h^>'v ? ^^M22 ^^Afit^o h7V^^ 

Mie £Mi 7 *5J:tj? h^Vv^^Mis irMig 
[0 0 2 4] m^X, JilEOj; 9 ^M^ntCMFUl so 




6 

[0 0 2 5] h9>"5^**Mi6 CD^— hig^ 
x^Mig O^- h«^tcti*ii^~ K0>*2pfl;EE<DO V 

(i^^if^co 2 ooU^^A^l £*x£o 
[0 0 2 6] Lfc^oT, 2oC0^tfj-<r (Mie, M17 

[0 0 2 7l f^t, PftV^h7>^^Mi7 
(DUKjA^JSE^^^x^ ^ (p o s i t i v e) 

20 tN^-Y^yu h^>'v ? ^^M2i <£>fbf^c£ oT 2o 
*t\ h 7 >"Z/X?M\g t b7 >i?X*Mi9 lzffijnZ>9M 

;* *Mi? tiffin S*aE35S«^i-ixtf h 7 >i/x?Mis \z 
»cHttPSixS«ffi«:«^r-6-i:K3te5L, 

[0 0 2 8] *fc2oOffl*«ffiVouT + , Vout -j&sra^p 

Kiting S»*fctt*<o J: 9 ^tbf^i"^ r l:45 B 

[0 0 2 9] ttl^mJEVoirr + , Voot ' 3ftS±#i"**&, 

h7^^Mn <t h^vi/^^Mis fcgttixsasKtta 
19 ^atixswatttiiJn-fs. ^^m, ui*«ee 

Vout + , Vout -fiSc^b, L/EidSoTta^WJE^PltBff 
SwtlCftSa*^- K7-f— h*'<7? (CMF) 

EE, i-**?%0V^*4 o 

[0030] as »4:«no^ienakiF4i««^>^iBi 

[0 0 3 1 ] v^^Msi t b9>i?x*M& 
ftA^W^^SftSfcfe^Sltt^r, rftfefe, ^»A 

^j^2 1 ^con»A^a5 2 1 ^ttA^mm 

*^*l^»C©*^3— Kffl*«B2 2^£5c tit, ^7 
Kffl*»2 2(j:4 0(Z)flSK^4^ :^ 
KttS*SB2 2(i, h^^v^^^Ms , M? , M9 
i:M4 , Ms , M10 t Ms , Mn , M13 t Me , M12 , 
Mm ^r^-LTio^, h^Vv^^MiB ?i^LM22 fiCM 
F(HlgS^2 3Sr«fiR-T5 h7 >i?X*X*fo% 0 :oCM 
Fiugsa52 3-ettlKH6bfcJ;5l2:m*«flEVaor + , v 
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^~ K7>f- K'<:y* (CM F ) (^^ffl^ttSc n 

[0 0 3 2] ft*5, Vdd fiTjf ^ ^«jRt?fc «9 . Vss 
ItttfTJ ^(negative) lE2lT-£>5 0 

[0033] *mw<DWiwmmmiz i ^y-^*t«» 

(one stage amplifier) 

2 1 CO h 9 3 >"^^ 9 (transcon 
d u c t a n c e) fcH«a s *>So ACfttt, 

4(7)^r-y/N 0 iy^>^^|@#-r5 0 20 
[0 0 3 4] tLt, (^S^iftl^^^T, /J^f-^-O 

«ffi*IJ#Av 5te**£*t5o 
[0 0 3 5] 

[S 2 ] AV = gml • r out 
= g ml • [ { T 08 • g mlO ' T olO • g n.4 • r o4 } 
|| { T ol4 • gml2 • J*ol2 • gm6 * To6 } ] 

±M<D «k 0 ^/h«#0«E*i]#ttAAe«=" ^#9 9 V 
*J:9i8IB»£>h--*/l' (total) «EflJ»tt3o 

ftmi[«EE*:ttffl-rs»#^*#v\ maim 

U. G. B = A v • f B 



*<£>t&?P (saturation) 1g^T*0£ti 
MOS«*it*l»-ett-t«>«E*lJ»**fci>-rS. 

[0036] *tz, *&w^£zmnmmm<Dm$iWcft 

tttt*<©ii 0 fcfflrtfiSi r out <k tH***'^* C 

l <£>^-C^5l£tU K^*^>- hatf—A' (d om i nan 
t p o 1 e ) (D{iH (position) fi#Nf tCffiV > 

[0 0 3 7] 
[S3] 



fp = ■ 



1 



2 7c r out Cl 

[0 0 3 8] IM^^ZhZb, V^-r^Y^—/^(D\tL 
«tt*»ttttJ**WCL tmt)m.i7Lroui Ciot^ 
rout ttifNH»0«E¥U#fcf>J|$V^&£r 

[0 0 3 9] Lfc*&**r«JB LTSISLii<®S^ibf^ 
WSft*©*****-*-**— *TJ»(B (u n i t y - g a 
in bandwidth; £AT\ U. G. . B b V^5) 

[0 0 4 0] 
[ft 4] 



= g. 



2 tc r out C 



_ g m 1 

~ 2 C L 

[0 0 4 1] ±|5roiC«fc 9«*liifggK»u. G. BfiA 9- (Mi 1 1 e r) 3b*fc: J;5#£#— A-isg- £>fc 

^*Sr«6i^^-a:5fc«3tcU. G. BrtdSF^stf— 1\> [0 0 4 2] 

(pole) ^h^X\t^hta\i\ Lfciiot, m&<D ±<B<d£ olzte fix-Of 

:i^IUffe5U *3§BJIUS§fcrw££%/§:L-t5 so JEKiS»f^OCMOSiMHa«»S:»5ni:!as-Ct* D 



(6) 



7-307624 



10 



[0 1 1 ±MWl (Fully differentia 

[13] *»wo*uvhy— ^ig*<oia»«*Ht?* 

[04] CM F (C ommo n— mode feedb 
a c k) [I]K<^[H]^gj&0T-&£ o 
[15] *»M^«t5»»i«««^ffO|iIBia"C*) 



H»t©R«] 

M3 , M21 , M31 , M32 , M33 , M51 , M52 

2 1 H»A^gl5 

2 2 KtiU^SC 

2 3 a*^*— K7-r- K^y^HlMB 

2 4 



[01] 



[02] 




<21 



INPUT 



V OUT" 



c22 



»NE (V REF ) * 



c23 



©KB 



CL y OUTPUT 



[03] 



[04] 



^OUT 



M33 n • 



'B1 



"32 



VDD 



■B4 



f B2 



'B3 



• vss 



VREF 



v OUT~ V 0UT + 



'REF 



M22^H "21 g 



Vss 
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